The ratio of systolic blood pressure (SBP) to heart rate (HR), called the reverse shock index (RSI), is used to evaluate the hemodynamic stability of trauma patients. A SBP lower than the HR (RSI < 1) indicates the probability of hemodynamic shock. The objective of this study was to evaluate whether the RSI as evaluated by emergency medical services (EMS) personnel at the injury scene (EMS RSI) and the physician in the emergency department (ED RSI) could be used as an additional variable to identify patients who are at high risk of more severe injury. Methods: Data obtained from all 16,548 patients added to the trauma registry system at a Level I trauma center between January 2009 and December 2013 were retrospectively reviewed. Only patients transferred by EMS were included in this study. A total of 3715 trauma patients were enrolled and subsequently divided into four groups: group I patients had an EMS RSI ě1 and an ED RSI ě1 (n = 3485); group II an EMS RSI ě 1 and an ED RSI < 1 (n = 85); group III an EMS RSI < 1 and an ED RSI ě 1 (n = 98); and group IV an EMS RSI < 1 and a ED RSI < 1 (n = 47). A Pearson's χ 2 test, Fisher's exact test, or independent Student's t-test was conducted to compare trauma patients in groups II, III, and IV with those in group I. Results: Group II and IV patients had a higher injury severity score, a higher incidence of commonly associated injuries, and underwent more procedures (including intubation, chest tube insertion, and blood transfusion in the ED) than patients in group I. Group II and IV patients were also more likely to receive a severe injury to the thoracoabdominal area. These patients also had worse outcomes regarding the length of stay in hospital and intensive care unit (ICU), the proportion of patients admitted to ICU, and in-hospital mortality. Group II patients had a higher adjusted odds ratio for mortality (5.8-times greater) than group I patients. Conclusions: Using an RSI < 1 as a threshold to evaluate the hemodynamic condition of the patients at the injury scene and upon arrival to the ED provides valid information regarding deteriorating outcomes for certain subgroups of patients in the ED setting. Particular attention and additional resources should be provided to patients with an EMS RSI ě 1 that deteriorates to an RSI < 1 upon arrival to the ED since a higher odds of mortality was found in these patients.
Background
Acute trauma patients presenting with shock in the prehospital or emergency department (ED) setting need focused care. Measurement of vital signs, including systolic blood pressure (SBP), is often included in the initial triage for acute trauma patients and is recommended by many clinical guidelines as a basic part of the initial assessment of circulatory blood volume by emergency medical services (EMS) personnel. In addition to the trauma cause, a description of the hemodynamic status, including its severity, provided by responsible EMS personnel could be an important reference for the emergency physician, who could use this information to provide adequate patient care [1, 2] .
Hypovolemic shock is the most common type of shock in patients who experience traumatic injury. In a meta-analysis of six observational studies, the prevalence of hypotensive shock in the prehospital setting was between 9.5 and 19 per 1000 EMS contacts with an in-hospital shock mortality between 33% and 52% [3] . In addition, the prevalence of hypotension in the ED was 4-13/1000 ED contacts with a mortality of 12% [3] . To identify hypovolemic shock, isolated vital signs, such as SBP and heart rate (HR), have been shown to be unreliable [4, 5] . For example, individuals who are habitually hypertensive can have a normal blood pressure during shock, and hypotensive individuals can have normal tissue perfusion [6, 7] . Some observational studies conducted in the ED and prehospital setting with hypotensive patients who experienced a trauma have advocated for a higher SBP threshold to correspond with the actual mortality rate [8] [9] [10] . The shock index (SI), the ratio of HR to SBP, has been assessed as a marker of significant injury in trauma patients with hypovolemic shock [11] [12] [13] , and been found to be more useful in predicting early shock than either the HR or the SBP alone and to correlate with other indices of end-organ perfusion (such as central venous oxygen saturation and arterial lactic acid concentration) [14] . The SI has been demonstrated to be a capable measure for hemodynamic instability [15] [16] [17] and a useful guide for diagnosing early acute hypovolemia in the presence of normal HR and blood pressure [18] . It has also been shown to be a clinical indicator of hypovolemic shock upon arrival to the ED with respect to transfusion requirements and hemostatic resuscitation [19] .
An elevated SI > 0.7 is correlated with reduced left ventricular end-diastolic pressure [20] and reductions in circulatory blood volume [13] even when the pulse rate and SBP remain in the normal range. A pre-intubation SI greater than or equal to 0.8 is an independent risk factor for cardiovascular deterioration after emergency intubation in the ED [21] . An SI that exceeds 0.9 between the field and the ED may predict higher mortality [13] . The sensitivity and specificity of an SI greater than 0.9 as a predictor of massive transfusion (defined as 24-h red blood cell transfusion ě9 units) are 63% and 83%, respectively [22] . An SI greater than or equal to 1 is associated with an adjusted odds ratio (AOR) of 10.5 (95% confidence interval (CI): 9.3-11.7) for 30-day mortality [23] . In addition, patients with an SI ě 1.0, despite prehospital crystalloid resuscitation, had a significantly higher transfusion requirement and a higher mortality rate than other major trauma patients [15] . Furthermore, an SI greater than 1.4 has been proposed as a more practical cutoff for predicting massive transfusion in trauma patients [22] .
Although the SI is a very practical and useful predictor of outcomes for trauma patients, the literature has shown that the relevant SI cut-off point varies depending on the cause of trauma [12, 13, 20, 23, 24] and patient's illness [23] . Moreover, the calculation of the SI as the ratio of HR to SBP appears contradictory to the basic concept of shock, which is generally thought of as an unstable hemodynamic status in which the SBP is lower than the HR, and not as the SI, which indicates that the HR is higher than the SBP. Therefore, the reverse shock index (RSI), the ratio of SBP to HR, is often preferred to evaluate the hemodynamic stability of trauma patients. An RSI < 1 indicates that the SBP is lower than the HR, and implies that the patient is probably in shock. Moreover, the RSI could be assessed without any additional calculation or equipment by first responders upon arrival at the site of injury or to the ED.
Identification of patients with shock is crucial as prompt treatment improves the prognosis and the optimal treatment differs depending on the cause [7] . The objective of this study was to evaluate whether an RSI evaluated by EMS personnel at the scene of injury (EMS RSI) and the physician at the ED (ED RSI) could be used to identify patients who are at high risk for more severe complications. To accomplish this, we used data from a trauma registry system collected over a five-year period at a Level I trauma center.
Methods

Ethics Statement
The hospital's institutional review board (IRB) approved this study (approval number 104-0578B). Informed consent was waived according to the IRB regulations.
Study Design
This retrospective study was conducted at the Kaohsiung Chang Gung Memorial Hospital, a 2400-bed facility and Level I regional trauma center that provides care to trauma patients primarily from southern Taiwan. This study reviewed all 16,548 hospitalized and registered patients added to the Trauma Registry System between 1 January 2009 and 31 December 2013 (Figure 1 ). During this time, only patients who were transferred by EMS were included in this study. Those who were transferred from other hospitals or arrived by private vehicles were not included in the study population. Patients who had incomplete data were also excluded. The RSI was calculated as the ratio of SBP to HR (RSI = SBP/HR). In total, 3715 trauma patients were enrolled in this study. These patients were then divided into 4 groups. Group I included those with an EMS RSI ě 1 and an ED RSI ě 1 (n = 3485); group II included those with an EMS RSI ě 1 and an ED RSI < 1 (n = 85); group III those with an EMS RSI < 1 and an ED RSI ě 1 (n = 98); and group IV those with an EMS RSI < 1 and an ED RSI < 1 (n = 47). Group I (patients with a stable hemodynamic status at the injury scene and in the ED) was used as a reference for comparison with group II (patients with a stable hemodynamic status at the injury scene but who got worse upon arrival to the ED), group III (patients with hemodynamic instability at the injury scene but who improved upon arrival to the ED), and group IV (patients with hemodynamic instability at the injury scene and in the ED). The vital signs of the patients generally would be measured within 5 min upon arrival to the ED.
Detailed patient information regarding age, sex, vital signs (assessed by the EMS personnel at the injury scene and by the physician upon arrival to the ED), the Glasgow coma scale (GCS) score (assessed upon arrival to the ED), procedures performed by EMS personnel at the injury scene (intubation, airway placement, neck collar placement, backboard or spinal immobilization, oxygenation, and cardiopulmonary resuscitation) and by the physician in the ED (intubation, chest tube insertion, and blood transfusion), the abbreviated injury scale (AIS) score for each body region, the injury severity score (ISS), the new injury severity score (NISS), the trauma and injury severity score (TRISS), length of stay (LOS) in the hospital, LOS in the intensive care unit (ICU), in-hospital mortality, and complications associated with injuries. In our study, the primary outcomes were in-hospital mortality and injury severity as measured by different scoring systems (GCS, AIS, ISS, NISS, and TRISS). The secondary outcomes were LOS in the hospital and in the ICU.
Data were compared using SPSS version 20 statistical software (IBM Corporation, Armonk, NY, USA). We used a Pearson's χ 2 test, Fisher's exact test, or independent Student's t-test, as applicable. The Mann Whitney U test was used to compare the LOS in hospital and ICU. All results are presented as a mean˘standard error. A p-value of <0.05 was considered as statistically significant. Odds ratios (ORs) were calculated with 95% confidence intervals (CIs). AORs for mortality adjusted by the ISS with 95% CIs were also calculated.
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Results
Patient Injury Characteristics
The mean age of patients in groups I, II, III, and IV were 41.9˘14.4, 36.6˘13.5, 39.2˘15.5, and 38.9˘12.5 years, respectively (Table 1 ). Compared to patients in group I, patients in group II were younger (p = 0.001), and statistically significant differences regarding sex were found between group II patients (men: n = 60 (70.6%); women: n = 25 (29.4%)) and group IV patients (men: n = 36 (76.6%); women: n = 11 (23.4%)) when compared to group I patients (men: n = 2026 (58.1%); women: n = 1459 (41.9%)). There were also significantly lower GCS scores in both group II (12.4˘3.8) and group IV (13.0˘3.3) than in group I (14.3˘2.1). In addition, the distribution of GCS scores (ď8, 9-12, or ě13) were different in group II and IV patients than group I patients. The analysis of AIS scores revealed that group II patients sustained significantly higher rates of injuries to the head/neck, thorax, and abdomen, but lower rates of injuries to the extremities than group I patients; group III patients sustained significantly higher rates of injuries to the thorax; and group IV patients sustained significantly higher rates of injuries to the head/neck, thorax, and abdomen. A significantly higher ISS was found in group II (15.1˘11.1; p < 0.001), group III (10.5˘7.1; p = 0.026), and group IV (15.8˘11.3; p < 0.001) in comparison to group I (8.9˘6.9). When stratified by ISS (<16, 16-24, or ě25), group II included more patients with an ISS ě 25 and less patients with an ISS < 16 than in group I while group IV included more patients with an ISS ě 25 and an ISS between 16 and 24 and less patients with an ISS of <16 than group I. No differences were found between group III and group I regardless of the stratification by ISS (<16, 16-24, or ě25). Likewise, we also found a significantly higher NISS in group II (17.8˘14.4; p < 0.001), group III (12.3˘8.3; p = 0.036), and group IV (16.7˘12.6; p < 0.001) than in group I (10.5˘8.5). When compared with the TRISS of group I (0.991˘0.093), a significantly lower TRISS, indicating a lower survival rate, was found in group II (0.953˘0.213; p < 0.001) and group IV (0.957˘0.204; p < 0.001), but not in group III (0.980˘0.142; p = 0.233). The in-hospital mortality rates for group I, II, III, and IV were 0.9%, 12.9%, 1.0%, and 4.3%, respectively. After adjusting for ISS, the AOR for mortality for patients in group II (AOR = 5.8, 95% CI: 2.3-14.4, p < 0.001) and IV (AOR = 1.1, 95% CI: 1.1-1.1, p < 0.001) was significantly greater than that of patients in group I. No difference in the AOR for mortality was found between group III and I. 
Management Characteristics
There were no significant differences regarding the transport times for group II, III, and IV compared to group I (Table 2) . Regarding the procedures performed by the EMS personnel, more group II patients underwent airway placement, placement of a neck collar, backboard and spinal immobilization, an oxygen supplement, and cardiopulmonary resuscitation than group I patients; more group III patients underwent airway placement, backboard immobilization, and an oxygen supplement; and more group IV patients underwent placement of a neck collar, backboard immobilization, and an oxygen supplement. Regarding the procedures performed in the ED, more group II and group IV patients underwent intubation, chest tube insertion, and blood transfusion than group I patients. No significant differences regarding the procedures performed in the ED were noted between group III and I patients.
Associated Injuries
As shown in the Table 3 , the OR for sustaining intracerebral hematoma (OR: 3.8, 95% CI: 1.6-8. 0, p = 0.005) was statistically significantly higher for group II patients than group I patients. Similarly, the OR for sustaining a rib fracture (OR: 1.8, 95% CI: 1.1-3.1, p = 0.023), hemothorax (OR: 4.7, 95% CI: 2.0-11.42, p < 0.001), and hepatic injury (OR: 2.6, 95% CI: 1.0-6.7, p = 0.035) was statistically significantly higher for group III patients than group I patients. Group IV patients had a statistically significantly higher OR for sustaining a rib fracture (OR: 3.7, 95% CI: 2.0-7.0, p < 0.001), hemothorax (OR: 6.7, 95% CI: 2.3-19.3, p < 0.001), pneumothorax (OR: 4.1, 95% CI: 1.2-13.6, p = 0.012), hemopneumothorax (OR: 14.4, 95% CI: 5.8-36.2, p < 0.001), an intra-abdominal injury (OR: 7.7, 95% CI: 3.4-17.8, p < 0.001), hepatic injury (OR: 8.5, 95% CI: 3.7-19.7, p < 0.001), splenic injury (OR: 11.5, 95% CI: 3.9-34.2, p < 0.001), and pelvic fracture (OR: 4.9, 95% CI: 2.1-11.1, p < 0.001) than group I patients.
LOS in Hospital and ICU
A significantly longer hospital LOS was found among group II and IV patients compared with group I patients (15.2 and 16.9 vs. 9.5 days, respectively; p < 0.001) (Table 4) . Likewise, a significantly larger proportion of group II and IV patients than group I patients were admitted to the ICU (45.9% and 51.1% vs. 16.5%, respectively; p < 0.001), but the ICU LOS was not significantly longer (13.1 and 13.0 vs. 7.6 days, respectively; p = 0.296 and p = 0.070, respectively).
Discussion
In this study, group II patients (i.e., those who had a stable hemodynamic status as evaluated by EMS personnel at the injury scene but got worse upon arrival to the ED) and group IV patients (i.e., those who had an unstable hemodynamic condition both at the injury scene and upon arrival to the ED) had worse outcomes than group I patients (i.e., those who had a stable hemodynamic condition at the injury scene and in the ED). Group II and IV patients had a higher ISS, a higher incidence of commonly associated injuries, and underwent more procedures than group I patients. These patients also had worse outcomes regarding hospital LOS, the proportion of patients admitted to the ICU, and in-hospital mortality. On the other hand, group III patients (i.e., those who had an improved hemodynamic condition upon arrival to the ED than that at the injury scene), had a good response after EMS involvement and demonstrated no significant differences regarding injury severity, mortality, the proportion of patients admitted to the ICU, and hospital and ICU LOS when compared to group I patients. Therefore, specific attention should be provided to group II patients because they have a higher AOR for mortality than patients in other groups. For example, group II patients had an AOR for mortality 5.8-times greater than that of group I patients while group IV patients had an AOR for mortality 1.1-times greater than group I patients. Group II patients are younger and sustained injuries to more regions (excluding the face) than group I patients. Considering that the mean transport time was short (less than 25 min) in all groups, the quickly deteriorating hemodynamic condition upon arrival to the ED is an alarming sign for these relatively younger patients. In particular, these patients are more likely to have a severe injury to the thoracoabdominal areas. A higher OR was also found for sustaining pneumothorax (3.0-fold), hemopneumothorax (6.2-fold), a lung contusion (4.0-fold), hepatic injury (8.0-fold), splenic injury (6.1-fold), retroperitoneal injury (16.8-fold), and renal injury (6.4-fold) among group II patients when compared with group I patients. In addition, a higher OR for intubation (7.7-fold), chest tube insertion (9.5-fold), and blood transfusion (12.1-fold) was noted in group II patients as well.
Furthermore, group IV and group II patients had similar characteristics and a similar injury pattern. Group IV patients had a similarly high ISS as well as a higher OR for sustaining a rib fracture (3.7-fold), hemothorax (6.7-fold), pneumothorax (4.1-fold), hemopneumothorax (14.4-fold), an intra-abdominal injury (7.7-fold), hepatic injury (8.5-fold), splenic injury (11.5-fold), and pelvic fracture (4.9-fold) when compared to group I patients. In addition, a higher OR for intubation (5.9-fold), chest tube insertion (9.5-fold), and blood transfusion (17.3-fold) was also found. However, the AOR for mortality was only slightly significantly higher than that of group I patients (AOR: 1.1, 95% CI: 1.1-1.1, p < 0.001), even though hemodynamic instability was established at both the injury scene and in the ED. No strong evidence defining the optimal blood pressure level during active hemorrhagic shock has been documented in the literature [25, 26] and the optimal blood pressure level during resuscitation of a hemorrhagic shock patient is still debated. One study proposed administering a limited amount of fluids before bleeding control to maintain arterial pressure and minimize dilution of coagulation factors as well as complications from over fluid resuscitation [27] . For patients with trauma but without brain injury, European guidelines recommend a target SBP of 80-90 mmHg until major bleeding in the initial phase has been stopped [28] . Moreover, a policy of permissive hypotension with judicious fluid administration to maintain a mean arterial pressure in the 60-80 mmHg range is advisable and appropriate [29] [30] [31] . Notably, the significantly higher incidence of hemothorax and pelvic fracture in group IV patients accompanied by massive blood loss had to be treated with blood or fluid transfusions as well as more advanced procedures (i.e., chest tube insertion or pressure garment compression, respectively). The higher mortality rate found in group II patients compared to group IV patients indicates that patients who have a stable hemodynamic condition at the injury scene but experience a rapid deterioration of their hemodynamic status require specific attention. Young patients who present with tachycardia and mild hypotension are in danger of compensatory mechanism failure and may slip into profound shock unless vigorous therapy is initiated [14] . Reliance on SBP alone may delay recognition of the shock state [14] .
Traumatic injury remains the leading cause of death among people less than 44 years old and 40% of trauma-related deaths are caused by uncontrolled hemorrhagic shock or its sequelae (such as multiple organ failure) [32] . Significant, untapped opportunities for early recognition and treatment of critical illnesses may exist within the EMS population. Assessment and treatment of trauma patients upon arrival to the ED is essential in the presence of life-threatening injuries. Prospectively identifying patients that would benefit from trauma care is essential to the success of trauma systems. Although little is known about the ability of EMS personnel to accurately approximate the volume of blood loss in an out-of-hospital setting, previous studies have reported that EMS providers are not able to adequately estimate spilled blood volumes [33] . Following the advanced trauma life support paradigm, "keep algorithms simple", an RSI < 1 may serve as an alert for attending physicians in the ED. Given the circumstances in an ED (e.g., many patients waiting in crowded EDs for hours before a physician evaluation) [34] , the timely recognition and rapid treatment of shock can be a difficult task. One of the major benefits of using the RSI for evaluation in the ED is that it can be used quickly when first responders arrive without requiring any additional equipment or cost. An RSI < 1 can alert trauma surgeons to the need for early intervention and timely preparation upon the arrival of the patient. In particular, attention should be placed on those with an EMS RSI ě 1 that deteriorates in the ED. Using the EMS RSI as an additional information may also help alert physicians to a thoracoabdominal injury with massive bleeding and help to identify patients with serious injuries who need upgraded higher level of intervention. This may help improve patient outcomes after a severe injury.
Our analysis has several limitations. First, the data were collected prospectively as part of the required trauma registry process, but our analyses were performed retrospectively and are thus subject to the limitations of all retrospective studies. Second, injured patients who did not survive until arrival at the hospital or who were discharged from the ED were not included in the sample, which could result in a selection bias. Third, age, hypertension, and β-or calcium channel blockers weaken the association between the SI and mortality rate [23] , and the impact of pre-existing comorbidities on the course of hospitalization and mortality was not included in the analysis and, thus, remains unclear. In addition, some missing data and the lack of available data regarding patient management, including type, volume, and speed of fluid resuscitation during transportation by EMS and in the ED, may result in a bias in the outcome. Finally, some important data, such as cost, treatment delays, and complications, were not evaluated and may have limited the outcome evaluation results.
Conclusions
This retrospective analysis spanning a five-year period showed that using an RSI < 1 as a threshold to evaluate the hemodynamic condition of trauma patients at the injury scene and upon arrival to the ED provides valid information regarding the deteriorating outcomes of certain subgroups of patients in the ED setting. Particular attention and resources should be provided for patients with an EMS RSI ě 1 that deteriorates to an RSI < 1 upon arrival to the ED since a higher odds of mortality was found in these patients.
